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XHI. Experiments on Jin By Henry Cavendifli, Efq* 
RR.S. & S.A. 



Read Jan. 15, 1784.. 

THE following experiments were made principally with a 
view to find out the caufe of the diminution which 
common air is well known to fufFer by all the various ways in 
which it is phlogifticated, and to difcover what becomes of the 
air thus loll: or condenfed ; and as they feem not only to de- 
termine this point, but alfo to throw great light on the con- 
stitution and manner of production of dephlogifticated air, I 
hope they may be not unworthy the acceptance of this fo- 
ciety. 

Many gentlemen have fuppofed that fixed air is either gene- 
rated or feparated from atmofpheric air by phlogiftication, and 
that the obferved diminution is owing to this caufe; my firit 
experiments therefore were made in order to afcertam whether 
any fixed air is really produced thereby. Now, it muft be ob- 
ferved, that as all animal and vegetable fub.ftances contain fixed 
air, and yield it by burning,, diftijlation, or putrefaction, no^ 
thing can be concluded from experiments in which the air is 
phlogiflicated by them. The only methods I know, which are 
not liable to objection,, are by the calcination, of metals, the 
burning of fulphur or phofphorus, the mixture of nitrous. air > 
and the explofion of inflammable air. Perhaps it may be fup- 
pofed, that I ought to add to thefe the electric fpark ; but I 

think 
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think it much raoft likely, that the phlogiftication of the air, and 
production of fixed air, in thisprocefs, is owing; to the burning 
of fbine inflammable matter in the apparatus. When the 
{park is taken from a folution of tournfol, the burning of the 
tournfol may produce this effect ; when it is taken from lime- 
water, the burning of fome foulnefs adhering to the tube, or 
perhaps of fome inflammable matter contained in the lime, 
may have the fame effect ; and when quickfilver or metallic 
knobs are ufed, the calcination of them may contribute to the 
phlogillication of the air, though not to the production of fixed 
air. 

: There is no reafon to think that any fixed air is produced by 
the firft method of phlogiitication. Dr. Priest-lev never found 
lime-water to become turbid by the calcination of metals over 
it* : Mr. Lavoisier alfo found only a very flight and fcarce 
perceptible turbid appearance, without any precipitation, to take 
place when lime-water was fhaken in a glafs veflel full of the 
air in which lead had -been -calcined ; and even this fmall dimi- 
nution of tranfparency in the lime-water might very likely 
arife, not from fixed air, but only from its being fouled by par- 
ticles of the calcined metal, which we are told adhered in fome 
places to the glafs. This want of turbidity has been attributed 
to the fixed air uniting to the metallic calx, in preference to the 
lime ; but there is no reafon for fuppofing that the calx con- 
tained any fixed air ; for I do not know that any one has ex- 
tracted it from calces prepared in this manner ; and though 
moft metallic calces prepared over the fire, or by long expofure 
to the atmofphere, where they are in contact with fixed air, 
.contain that fubftance, it by no means follows that they mufl 

* Experiments on Air, vol.1, p. 137. 

do 
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do fo when prepared by methods in which they are not in con- 
tad with it. 

Dr. Priestley alfo obferyed, that quickfilver, fouled by the 
addition of lead or tin, depofits a powder by agitation and expo- 
fure to the air, which confifts in great meafure of the calx of 
the imperfect metal. He found too fome powder of this kind 
to contain fixed air * ; but it is by no means clear that this air 
was produced by the phlogiftication of the air in which the 
quickfilver was fhaken ; as the powder was not prepared on 
purpofe, but was procured from quickfilver fouled by having 
been ufed in various experiments, and may therefore have con- 
tained other impurities befides the metallic calces. 

I never heard of any fixed air being produced by the burning 
of fulphur or phofphorus ; but it has been afTerted, and com- 
monly believed, that lime water is rendered cloudy by a mix- 
ture of common and nitrous air ; which, if true, would be a 
convincing proof that on mixing thofe two fubftances fome 
fixed air is either generated or feparated ; I therefore examined 
this carefully. Now it mufl be obferved, that as common air 
ufually contains a little fixed air, which is no effential part of 
it, but is eafily feparated by lime water ; and as nitrous air may 
alfo contain fixed air, either if the metal from which it is pro- 
cured be rufty, or if the water of the veflel in which it is 
caught contain calcareous earth, fufpended by fixed air, as mofl 
waters do, it is proper firft to free both airs from it by previouf- 
ly wafhing them with lime water -f. Now 1 found, by repeat- 
ed 

* Exper.-ln Nat. Phil. vol.1, p. 144. 

•f Though fixed air is abforbed in confiderable quantity by water, as I fliewed 

in Phil. Tranf. vol. LVI. yet it is not eafy to deprive common air of all the fixed 

Vol.LXXIV. R ait- 
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ed experiments, that if" the lime water was clean, and the two 
airs were previoufly warned with that fubftance, not the leaft 
cloud was produced, either immediately on mixing them, or 
on fufFering them to fraud upwards of an hour, though it ap- 
peared by the thick clouds which were produced in the lime 
water, by breathing through it after the experiment was finish- 
ed, that it was more than Sufficient to faturate the acid formed 
by the decomposition of the nitrous air, and confequently that 
if any fixed air had been produced, it rauft have become viuV 
ble. Once indeed I found a fmall cloud to be formed on the 
Surface, after the mixture had florid a few minutes. In this ex- 
periment the lime water was not quite clean ; but whether the 
cloud was owing to this circumShmce, or to the air's having not 
been properly warned, I cannot- pretend to fay. 

Neither does any fixed air feem to be produced by the explo- 
fion of the inflammable air obtained from metals, with either 
common or dephlogiSHcated air. This I tried by putting a little 
lime-water into a glafs globe fitted with a brafs cock, fo as to 
make it air tight, and an apparatus for firing air by: electricity. 
This globe was exhauSted by an air-pump, and the two airs, 
which had been previoufly warned with lime-water, let in, and 
fufFered to remain fome time, to mew whether they would 
afie£l the lime-water, and then fired by electricity. The event 
was, that not the leaft cloud was produced in the lime-water, 
when the inflammable air was mixed with common, air,. and 

air contained in it by means of water. On malting a mixture of ten parts of com- 
mon air, and one of fixed air, with, more than an equal bulk of diftilled water,, 
not more than half of the fixed air was abforbed, and on transferring the air into 
frefh diftilled water only half the remainder was abforbed, as appeared by the di« 
munition which it Hill fufFered on-adding. lime water.. 

only 
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©nly a very flight one, or rather diminution of tranfparency,. 
when -it was combined with dephlogifticated air. This, how- 
ever, feemed not to be produced by fixed air ; as it appeared in- 
ftantly after the explofion, and did not increafe on Handing, 
and was fpread uniformly through the liquor ; whereas if it 
had been owing to fixed air, it would have taken up fome fhort 
time before it appeared, and would have begun firfl at the fur- 
face, as was the cafe in the abovementioned experiment with 
nitrous air. What it was really owing to I cannot pretend 
to fay ; but if it did proceed from fixed air it would mew that 
only an exceffively minute quantity was produced *. On the 
whole, though it is not improbable that fixed air may be gene- 
rated in fome chymical proceffes, yet it feems certain that it is 
wot the general effect of phlogifticating air, and that the dimi- 
nution of common air is by no means owing to the generation 
,or feparation of fixed air from it. 

As there feemed great reafon to think, from Dr. Prieflley's 
experiments, that the nitrous and vitriolic acids were conver- 
tible into dephlogifticated air, I tried whether the dephlogifti- 
cated part of common air might not, by phlogifHcation, be 
changed into nitrous or vitriolic acid. For this purpofe I im- 
pregnated fome milk of lime with the fumes of burning fulphur, 
by putting a little of it into a large glafs receiver, and burning 
fulphur therein, taking care to keep the mouth of the receiver, 
ftopt till the fumes were all abforbed ; after which the air of 
the receiver was changed, and more fulphur burnt in it as 
before, and the procefs repeated till 122 grains of fulphur were 
confumed. The milk of lime was then filtered and evaporated, 
but it yielded no nitrous fait, nor any other fubftance except 
felenite; fo that no fenfibie quantity of the air was changed 

* Dr. Priestley alfo found no fixed air to be produced by the explofion of in 
flammable and common air. Vol. V, p. 124. 

R 2 into 
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into nitrous acid. It muft be obferved, that as the vitriolic 
acid produced by the burning fulphur is changed by its union 
with the lime into felenite, which is very little foluble in 
water, a very fmall quantity of nitrous fait, or any other fub- 
fhmce which is foluble in water, would have been perceived. 

I alfo tried whether any nitrous acid was produced by phlo- 
giflicating common air with liver of fulphur ; for this purpofe 
I made a folution of flowers of fulphur by boiling it with lime, 
and put a little of it into a large receiver, and fhook it fre- 
quently, changing now and then the air, till the yellow co- 
lour of the folution was quite gone ; a fign that all the fulphur 
was, by the lofs of its phlogiflon, turned into vitriolic acid, and 
united to the lime, or precipitated ; the liquor was then filtered 
and evaporated, but it yielded not the leaft nitrous fait. 

The experiment was repeated in nearly the fame manner 
with dephlogifticated air procured from red precipitate ; but 
not the lead: nitrous acid was obtained. 

It is well known that common felenite is very little foluble 
in water ; whereas that procured in the two laft experiments 
was very foluble, and even cryftallized readily, and was in- 
tenfely bitter ; this however appeared to be owing merely to 
the acid with which it was formed being very much phlogif- 
ticated ; for on evaporating it to drynefs, and expoling it to the 
air for a few days, it became much lefs foluble, fo that on 
adding water to it not much diflblved ; and by repeating this 
procefs once or twice, it feemed to become not more foluble than 
felenite made in the common manner. 

This folubility of the felenite caufed fome trouble in trying 
the experiment ; for while it continued much foluble it would 
have been impoffible to have diitinguimed a fmall mixture of 
nitrous fait ; but by the abovementioned procefs I was able to 

difringuifh 
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diftinguifh as fmall a proportion as if the felenite had been ori- 
ginally no more foluble than ufual. 

The nature of the neutral falts made with the phlogifticated 
vitriolic and nitrous acids has not been much examined by the 
chymifts, though it feems well worth their attention ; and it 
is likely that many befides the foregoing may differ remarkably 
from thofe made with the fame acids in their common ftate. 
Nitre formed with the phlogifticated nitrous acid has been 
found to differ confiderably from common nitre, as well as Sal: 
Polychreft from vitriolated tartar. 

In order to try whether any vitriolic acid was produced by 
the phlogiftication of air, I impregnated fifty ounces of diftilled 
water with the fumes produced on mixing fifty-two ounce 
meafures of nitrous air with a quantity of common air fufficient 
to decompound it. This was done by filling a bottle with 
fome of this water, and inverting it into a bafon of the fame,, 
and then, by^ fyphon, letting in as much nitrous air as filled 
it half-full ; after which common air was added flowly by the 
fame fyphon, till all the nitrous air was decompounded. When; 
this was done, the diftilled water was further impregnated in* 
the fame manner till the whole of the abovementioned quan- 
tity of nitrous air was employed. This impregnated water,, 
which was very fenfibly acid to the tafte, was diftilled in a glafs- 
retort. The firft runnings were very acid,, and fmelt pun- 
gent, being nitrous acid much phlogifticated ; what came next 
had no fenfible tafte or fmell; but the laft runnings were very- 
acid, and confifted of nitrous acid not phlogifticated. Scarce 
any fediment was left behind. Thefe different parcels, of dif- 
tilled liquor were then exactly faturated with felt of tartar, and! 
evaporated; they yielded 87! grains of nitre, which, as far as. 
I could perceive, was unmixed with, vitriolated tartar or any 

1 other 
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other fubftance, and consequently no fenfible quantity of the 
common air with which the nitrous air was mixed was turned 
into vitriolic acid 

It appears, from this experiment, that nitrous air contains as 
much acid as 2| times its weight of faltpetre ; for fifty- two 
ounce meafures of nitrous air weigh 3?. grains, and, as was 
before faid, yield as much acid as is contained in 87I grains of 
faltpetre ; fo that the acid in nitrous air is in a remarkably 
concentrated ftate, and I believe more than if times as much fo 
as the ftrongeft. fpirit of nitre ever prepared. 

Having now mentioned the uufuccefsful attempts I made to 
find out what becomes of the air loft by phlogifncation, I pro- 
ceed to fome experiments, which ferve really to explain the 
matter. 

In Dr. Priestley's laft volume of experiments is related 
•an experiment of Mr. Warltire's, in which it is faid that, on 
firing a mixture of common and inflammable air by electricity 
in a clofe copper veflel holding about three pints, a lofs of weight 
was always perceived, on an average about two grains, though 
the veffel was flopped in fuch a manner that no air could efcape 
by the explofion. It is alfo related, that on repeating the ex- 
periment in glafs veflels, the infide of the glafs, though clean 
and dry before, immediately became dewy ; which confirmed 
an opinion he had long entertained, that common air depofits 
its moifture by phlogiftication. As the latter experiment feem- 
cd likely to throw great light on the fubjecT; I had in view, I 
thought it well worth examining more clofely. The firft ex- 
periment alfo, if there was no miftake in it, would be very ex- 
traordinary and curious ; but it did not fucceed with me ; for 
though the veflel I ufed held more than Mr. Warltire's, 
namely, 24,000 grains of water, and though the experiment 

was 
r 6 
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was repeated feveral times with different proportions of com- 
mon and inflammable air, I could never perceive a lofs of 
weight of more than one-fifth of a grain, and commonly 
none at all. It muft be obferved,. however, that though there 
were fome of the experiments in which it feemed to diminifh 
a little in weight, there were none in which it increafed*. . 

In all the experiments, the infide of the glafs globe became 
dewy, as obferved by Mr. Warltire ; but not the leafl footy 
matter could be perceived. Care was taken in all of them to 
find how much the air was diminifhed by the explofion, and 
to obferve its teft. The refult is as follows : the bulk of the 
inflammable air being expreffed in decimals of the commoa, 
air,. 
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In thefe experiments the inflammable air was procured from 
zinc, as it was in all my experiments, except where otherwife 
expreffed : but I made two more experiments, to try whether 
there was any difference between the air from zi?ic arid that 
from iron, the quantity of inflammable air being the fame in 
both, namely. 0,331 ot the common ; but J could not find any 
difference to be depended on between the two kinds of air^ 

* Dr. Priestley,- I am informed, has .fince found the experiment not -.., to 
ptccee'd'.. 

either 
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either in the diminution which they fufFered by the explofion, 

or the left of the burnt air. 

From the fourth experiment it appears, that 423 meafures of 
inflammable air are nearly fufflcient to completely phlogifticate 
1000 of common air; and that the bulk of the air remaining 
after the explofion is then very little more than four-fifths of 
the common air employed ; fo that as common air cannot be 
reduced to a much lefs bulk than that by any method of phlo- 
giflication, we may fafely conclude, that when they are mixed 
in this proportion-, and exploded, almoft all the inflammable 
air, and about one-fifth part of the common air, lofe their 
elafticity, and are condenfed into the dew which lines the 
glafs. 

The better to examine the nature of this dew, 500000 grain 
meafures of inflammable air were burnt with about 2| times 
that quantity of common air, and the burnt air made to pafs 
through a glafs cylinder eight feet long and three-quarters of 
an inch in diameter, in order to depofit the dew. The two 
airs were conveyed flowly into this cylinder by feparate cop- 
per pipes, pairing through a brafs plate which flopped up the 
end of the cylinder ; and as neither inflammable nor common 
air can burn by themfeives, there was no danger of the flame 
fpreading into the magazines from which they were conveyed. 
Each of thefe magazines confifted of a large tin veflel, in- 
verted into another veffel juft big enough to receive it. The 
inner veflel communicated with the copper pipe, and the air 
was forced out of it by pouring water into the outer veflel ; 
and in order that the quantity of common air expelled mould 
be 2 1- times that of the inflammable, the water was let into 
the outer veflels by two holes in the bottom of the fame tin 
pan, the hole which conveyed the water into that veflel in 

which 
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which the common air was confined being 2§ times as big as: 
the other. 

In trying the experiment, the magazines being firft filled 
with their refpe&ive airs, the glafs cylinder was taken off, and. 
water let, by the two holes, into the outer veffels, till the airs, 
began to iflue from the ends of the copper pipes ; they were 
then fet on fire by a candle, and the cylinder put on again in 
its place. By this means upwards of 135 grains of water were 
condenfed in the cylinder, which had no tafte nor fmell, and 
which left no fenfible fediment when evaporated to drynefs ; 
neither did it yield any pungent fmell during the evaporation ; 
in mort, it feemed pure water. 

In my firft experiment, the cylinder near that part where, 
the air was fired was a little tinged with footy matter, but 
very (lightly fo ; and that little feemed to proceed from the 
putty with which the apparatus was luted, and which was 
heated by the flame ; for in another experiment, in which it 
was contrived fo that the luting mould not be much heated, 
fcarce any footy tinge could be perceived. 

By the experiments with the globe it appeared, that when 
inflammable and common air are exploded in a proper propor- 
tion, almoft all the inflammable air, and near one-fifth of the 
common air, lofe their elafticity, and are condenfed into dew. 
And by this experiment it appears, that this dew is plain wa- 
ter, and confequently that almoft all the inflammable air, and 
about one-fifth of the common air, are turned into pure water. 

In order to examine the nature of the matter condenfed on 
firing a mixture of dephlogifticated and inflammable air, I took 
a glafs globe, holding 8800 grain meafures, fu mimed with a 
brafs cock and an apparatus for firing air by electricity. This 
globe was well exhaufted by an air-pump, and then filled with 

Vol. LXXIV. S a mixture 
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a mixture of inflammable and dephlogifticated air, by fhufting 
the cock, fattening a bent glafs tube to its mouth, and letting 
up the end of it into a glafs jar inverted into water, and con- 
taining a mixture of 19500 grain meafures of dephlogifticated 
air, and 37000 of inflammable; fo that, upon opening the 
cock, fome of this mixed air rufhed through the bent tube, and 
filled the globe *. The cock was then fliut, and the included 
air fired by electricity, by which means almoft all of it loft its 
elafticity. The cock was then again opened, fo as to let in 
more of the fame air, to fupply the place of that deftroyed by 
the explofion, which was again fired, and the operation conti- 
nued till almoft the whole of the mixture was let into the 
globe and exploded. By this means, though the globe held 
not more than the fixth part of the mixture, almoft the whole 
of it was exploded therein, without any frefh exhauftion of 
the globe. 

As I was defirous to try the quantity and teft of this burnt 
air, without letting any water into the globe, which would 
have prevented nay examining the nature of the condenfed 
matter, I took a larger globe, furnifhed alfo with a ftop cock, 
exhaufted it by an air-pump, and fcrewed it on upon the cock 
of the former globe; upon which, by opening both cocks, the 
air rufhed out of the fmaller globe into the larger, till it be- 
came of equal denfity in both ; then, by fhutting the cock of 
the larger globe, unfcrewing it again from the former, and 
opening it under water, I was enabled to find the quantity of 
the burnt air in it ; and confequently, as the proportion 
which the contents of the two globes bore to each other was 

* In order to prevent any water from getting into this tube, while dipped 
under water to let it up into the glafs jar, a bit of wax was was ftuck upon the 
end of it, which was rubbed off when raifed above the furface of the water. 

known, 



Mr. Cavendish's Experiments on Air. 131 

known, could tell the quantity of burnt air in the fmall globe 
before the communication was made between them. By this 
means the whole quantity of the burnt air was found to be 
2050 grain meafures ; its ftandard was 1,85. 

The liquor condenfed in the globe, in weight about 30 
grains, was fenfibly acid to the tafte, and by faturation with 
fixed alkali, and evaporation, yielded near two grains of nitre; 
Xo that it confifted of water united to a fmall quantity of ni- 
trous acid, No footy matter was depofited in the globe. The 
dephlogifticated air ufed in this experiment was procured from 
red precipitate, that is, from a folution of quickfilver in fpirit 
of nitre diftilled till it acquires a red colour. 

As it was fufpe&ed, that the acid contained in the condenfed 
liquor was no effential part of the dephlogifticated air, but was 
owing to fome acid vapour which came over in making it and had 
not been abforbed by the water, the experiment was repeated in 
the fame manner, with fome more of the fame air, which had 
been previoufly warned with water, by keeping it a day or two 
in a bottle with fome. water, and making it frequently ; whereas 
that ufed in the preceding experiment had never pafled through 
water, except in preparing it. The condenfed liquor was ftill 
acid. 

The experiment was alfa repeated with dephlogifticated air, 
procured from red lead by means of oil of vitriol ; the liquor 
condenfed was acid, but by an accident I was prevented from 
determining the nature of the acid. 

I alfo procured fome dephlogifticated air from the leaves of 
plants, in the manner of Do&ors Ingenhousz and Priestley, 
and exploded it with inflammable air as before ; the condenfed 
liquor ftill continued acid, and of the nitrous kind. 

S 2 In 
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In all thefe experiments the proportion of inflammable anr 
was fuch, that the burnt air was not much phlogifticated ; and; 
it was obferved, that the lefs phlogifticated it was, the more 
acid was the condenfed liquor. I therefore made another expe- 
riment, with fome more of the fame air from plants-, in. which 
the proportion of inflammable air was. greater, fo that the 
burnt air was almoft completely phlogifticated, its ftandard 
being - t i s . The condenfed liquor was then not at all acid, but 
feemed pure water: fo that it appears, that with this kind of 
dephlogifticated air, the condenfed liquor is not at all acid 7 
when the two airs are mixed in fuch a proportion that the 
burnt air is almoft completely phlogifticated, but is considerably 
fo when it is not much phlogifticated. 

In order to fee whether the fame thing would obtain with 
air procured from red precipitate, I made two more experi- 
ments with that kind of air, the air in both being taken from 
the fame bottle, and the experiment tried in the fame manner, 
except that the proportions of inflammable air were different. 
In the firft, in which the burnt air was almoft completely 
phlogifticated, the condenfed liquor was not at all acid. In 
thefecond, in which its ftandard was 1,8,6, that is, not much 
phlogifticated, it was confiderably acid ; fo that with this air, 
as well as with that from plants, the condenfed liquor contains, 
or is entirely free from, acid, according as the burnt air is lefs 
or more phlogifticated ; and there can be little doubt but that 
the fame rule obtains with any other kind of dephlogifticated 
air. 

In order to fee whether the acid, formed by the explofion of 
dephlogifticated air obtained by means of the vitriolic acid, 
would alfo be of the nitrous kind, I procured fome air from 
turbith mineral, and exploded it with inflammable air, the 

propor- 
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proportion being fuch that the burnt air was not much phlo- 
gifticated. The condenfed liquor manifefted an acidity, which 
appeared, by faturation with a fblution of fait of tartar, to be 
of the nitrous kind ; and it was found, by the addition of fome 
terra ponderofa falita, to contain little or no vitriolic acid. 

When inflammable air was exploded with common air, in 
fuch a proportion that the ftandard of the burnt air was about 
T %., the condenfed liquor was not in the leaft acid. There is 
no difference, however, in this refpedt between common air, 
and dephlogifticated air mixed with phlogifticated in fuch a 
proportion as to reduce it to the ftandard of common air ; for 
fome dephlogifticated air from red precipitate, being reduced 
to this ftandard by the addition of perfectly phlogifticated airj 
and then exploded with the fame proportion of inflammable 
air as the common air was in the foregoing experiment, the 
condenfed liquor was not in the leaft acid. 

From the foregoing experiments it appears, that when a 
mixture of inflammable and dephlogifticated air is exploded in, 
fuch proportion that the burnt air is not much phlogifticated, 
the condenfed liquor contains a little acid, which is always of 
the nitrous kind, whatever fubftance the dephlogifticated air is 
procured from; but if the proportion be fuch that the burnt 
air is almoft entirely phlogifticated, the condenfed liquor is 
not at all acid, but feems pure water, without any addition, 
whatever ; and as, when they are mixed in that proportion, 
very little air remains after the explofion, almoft the whole 
being condenfed, it follows, that almoft the whole of the in- 
flammable and dephlogifticated air is converted into pure wa- 
ter. It is not eafy, indeed, to determine from thele experi- 
ments what proportion the burnt air, remaining after the explo- 
fion s, bore to the dephlogifticated air employed, as neither tha 
1 fmalli 
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fmall nor the large globe could be perfectly exhaufted of air, 
and there was no faying with exactness what quantity was left 
in them; but in moil of them, after allowing for this uncer- 
tainty, the true quantity of burnt air feemed not more than 
T ' T th of the dephlogifticated air employed, or '^th of the mix- 
ture. It feems, however, unneceflary to determine this point 
exactly, as the quantity is fo fmall, that there can be little doubt 
but that it proceeds only from the impurities mixed with the 
dephlogifticated and inflammable air, and confequently that, 
if thofe airs could be obtained perfectly pure, the whole would 
be condensed. 

With refpecT: to common air, and dephlogifticated air re- 
duced by the addition of phlogifticated air to the ftandard 
of common air, the cafe is different ; as the liquor condtnfed 
in exploding them with inflammable air, I believe I may fay in 
any proportion, is not at all acid; perhaps, becaufe if they are 
mixed in fuch a proportion as that the burnt air is not much 
phlogifticated, the explofion is too weak, and not accompanied 
with fufficient heat. 

All the foregoing experiments, on the explofion of inflam- 
mable air with common and dephlogifticated airs, except thofe 
which relate to the caufe of the acid found in the water, were 
made in the fummer of the year 5781, and were mentioned 
by me to Dr. Prif.stlfy, who in confequence of it made 
fome experiments of the fame kind, as he relates in a paper 
printed in the preceding volume of the TranfacTrions. During 
the laft fummer alfo, a friend of mine gave fome account of 
them to M. Lavoisier, as well as of the concluiion drawn 
from them, that dephlogifticated air is only water deprived of 
phlogifton ; but at that time fo far was M. Lavoisier from 
thinking any fuch opinion warranted, that, till he was pre- 
5 vailed 
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vailed upon to repeat the experiment himfelf, he found fome 
difficulty in believing that nearly the whole of the two airs 
could be converted into water. It is remarkable, that neither 
of thefe gentlemen found any acid in the water produced by 
the combuftion ; which might proceed from the latter having 
burnt the two airs in a different manner from what I did ; and 
from the former having ufed a different kind of inflammable air, 
namely, that from charcoal, and perhaps having ufed a greater 
proportion of it. 

Before I enter into the caufe of thefe phzenomena, it will be 
proper to take notice, that phlogifKcated air appears to be no- 
thing elfe than the nitrous acid united to pb.logirr.on ; for when 
nitre is deflagrated with charcoal, the acid is almofr, entirely 
converted into this kind of air. That the acid is entirely con- 
verted into air, appears from the common procefs for making 
what is called clyfius of nitre ; for if the nitre and charcoal 
are dry, fcarce any thing is found in the veflels prepared for 
condenfing the fumes; but if they are moift a little liquor ir 
collected, which is nothing but the water contained in the ma- 
terials, impregnated with a little volatile alkali, proceeding in 
all probability from the imperfectly burnt charcoal, and a little 
fixed alkali, confirming of fome of the alkalized nitre carried 
over by the heat and watery vapours. As far as I can perceive- 
too, at prefent, the air into which much the greatefl: part of 
the acid is converted, differs in no refpecl: from common air 
phlogifticated. A fmall part of the acid, however, is turned into 
nitrous air, and the whole is mixed with a good deal of fixed, 
and perhaps a little inflammable air, both proceeding from the 
charcoal. 

It is well known, that the nitrous acid is alio converted by 
phlogiftication into nitrous air, in which refpe<5t there feems a 

confiderabl© 
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confiderable analogy between that and the vitriolic acid ; for 
the vitriolic acid, when united to a fmaller proportion of phlo- 
gifton, forms the volatile fulphureous acid and vitriolic acid air, 
both of which, by expofure to the atmofphere, lofe their phlo- 
gifton, though not very faft, and are turned back into vitriolic 
acid ; but, when united to a greater proportion of phlogifton, it 
forms fulphur, which mews no figns of acidity, unlets a fmali 
degree of affinity to alkalies can be called fo, and in which the 
phlogifton is more ftrongly adherent, fo that it does not fly off 
when expofed to the air, unlefs aflifted by a heat fufficient to 
fet it on fire. In like manner the nitrous acid, united to a cer- 
tain quantity of phlogifton, forms nitrous fumes and nitrous 
air, which readily quit their phlogifton to common air; but 
when united to a different, in all probability a larger quantity, 
it forms phlogifticated air, which (hews no ligns of acidity, 
and is ftill lefs difpofed to part with its phlogifton than fulphur. 
This being premifed, there feem two ways by which the 
rphaeiiomena of the acid found in the condenfed liquor may be 
explained ; firft, by fuppoung that dephlogifticated air con* 
tains a little nitrous acid which enters into it as one of its 
component parts, and that this acid, when the inflammable 
air is in a fufficient proportion, unites to the phlogifton, and 
is turned into .phlogifticajted air, but does not when the inflam- 
mable air is in too fmall a proportion ; and, fecondly, by fup- 
poling that there is no nitrous acid mixed with, or entering 
into the compofition of, dephlogifticated air, but that, when 
this air is in a fufficient proportion, part of the phlogifticated 
air with which it is debafed is, by the ftrong affinity of phlo- 
gifton to dephlogifticated air, deprived of its phlogifton and 
turned into nitrous acid ; whereas, when the dephlogifticated 
air is siot more than fufficient to confume the inflammable air, 

none 
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none then remains to deprive the phlogifticated air of its phlo- 
gifton, and turn it into acid. 

If the latter explanation be true, I think, we rauft allow 
that dephlogifticated air is in reality nothing but dephlogifti- 
cated water, or water deprived of its phlogifton ; or, in other 
words, that water confifts of dephlogifticated air united to 
phlogifton j and that inflammable air is either pure phlogifton, 
as Dr. Priestley and Mr. Kirwan fuppofe, or elfe water 
united to phlogifton*; fince, according to this fuppofition, 
thefe two fubftances united together form pure water. On the 
other hand, if the firft explanation be true, we muft fuppofe 
that dephlogifticated air confifts of water united to a little 
nitrous acid and deprived of its phlogifton ; but ftill the ni- 
trous acid in it muft make only a very fmall part of the whole, 

* Either of thefe fuppofitions will agree equally well with the following expe- 
riments ; but the latter feems to me much the moft likely. What principally 
makes me think fo is, that common or dephlogifticated air do not abforb phlo- 
gifton from inflammable air, unlefs affifted by a red heat, whereas they abforb 
the phlogifton of nitrous air, liver of fulphur, and many other fubftances, with- 
out that affiftance ; and it feems inexplicable, that they fliould refufe to unite to 
pure phlogifton, when they are able to extract it from fubftances to which it has an 
affinity ; that is, that they fliould overcome the affinity of phlogifton to other, 
fubftances, and extract it from them, when they will not even unite to it when 
prefented to them. On the other hand, I know no experiment which (hews 
inflammable air to be pure phlogifton rather than an union of it with water, 
unlefs it be Dr. Priestley's experiment of expelling inflammable air from iron 
'by heat alone. I am not fufficiently acquainted with the circumftances of that 
experiment to argue with certainty about it ; but I think it much more likely, 
that the inflammable air was formed by the union of the phlogifton of the iron 
filings with the water difperU'd among them, or contained in the retort or other 
vefle! in which it was heated ; and in all probability this was the caufe of the 
feparation of the phlogifton, as iron feems not difpofed to part with its phlo- 
gifton by heat alone, without being affifted by the air or fomc other fubftance, 
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as it is found, that the phlogifticated air, which it is converted 

into, is very fmall in comparifon of the dephlogifticated air. 

1 think the fecond of thefe explanations feems much the 
moft likely ; as it was found, that the acid in the condenfed 
liquor was of the nitrous kind, not only when the dephlo- 
gifticated air was prepared from red precipitate, but alfb when 
it was procured from plants or from turbith mineral : and it 
feeems not likely, that air procured from plants, and {till lefs 
likely that air procured from a folution of mercury in oil of 
vitriol, mould contain any nitrous acid. 

Another ftrong argument in favour of this opinion is, that 
dephlogifticated air yields no nitrous acid when phlogifticated 
by liver of fulphur ; for if this air contains nitrous acid, and 
yields it when phlogifticated by explofion with inflammable air, 
it is very extraordinary that it fhould not do fo when phlogifti- 
cated by other means. 

But what forms a ftronger and, I think, almoft decifive 
argument in favour of this explanation is, that when the de- 
phlogifticated air is very pure, the condenfed liquor is made 
much more ftrongly acid by mixing the air to be exploded with 
a little phlogifticated air, as appears by the following expe- 
riments. 

A mixture of 18500 grain meafures of inflammable air with 
9750 of dephlogifticated air procured from red precipitate were 
exploded in the ufual manner ; after which, a mixture of the 
fame quantities of the fame dephlogifticated and inflammable 
air, with the addition of 2500 of air phlogifticated by iron 
filings and fulphur, was treated in the fame manner. The 
condenfed liquor, in both experiments, was acid, but that in 
the latter evidently more fo, as appeared alfo by faturating 
each of them feparately with marble powder, and precipitating 

7 the 
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the earth by fixed alkali, the precipitate of the fecotid experi- 
ment weighing one-fifth of a grain, and that of the firft 
being feveral times lefs. The ftandard of the burnt air hi the 
firft experiment was 1,86, and in the fecond only 0,9. 

It mull be obferved, that all circumftances were the 
fame in thefe two experiments, except that in the latter the 
air to be exploded was mixed with fome phlogifticated air, and 
that in confequence the burnt air was more phlogifticated than 
in the former ; and from what has been before faid, it appears, 
that this latter circumftance ought rather to have made the 
condenfed liquor lefs acid ; and yet it was found to be much 
:more fo, which mews ftrongly that it was the phlogifticated 
air which furnifhed the acid. 

As a further confirmation of this point, thefe two compara- 
tive experiments were repeated with a little variation, namely, 
in the firft experiment there was firft let into the globe 1500 
of dephlogifticated air, and then the mixture, confifting of 
1 2200 of dephlogifticated air and 25900 of inflammable, was let 
in at different times as ufual. In the fecond experiment, befides 
the 1 500 of dephlogifticated air firft let in, there was alfo ad- 
mitted 2500 of phlogifticated air, after which the mixture, 
confifting of the fame quantities of dephlogifticated and inflam- 
mable air as before, was let in as ufual. The condenfed liquor 
of the fecond experiment was about three times as acid as that 
of the firft, as it required 1 19 grains of a diluted ibiution of fait 
of tartar to faturate it, and the other only 3J. The ftandard of 
the burnt air was 0,78 in the fecond experiment, 1 and 1,96 in 
the firft. 

The intention of previously letting in lome dephlogifticated 
air in the two laft experiments was, that the condenfed liquor 

T 2 was 
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was expected to become more acid thereby, as proved actual!}? 
to be the cafe. 

In the fir fl of thefe two experiments, in order that the airy 
to be exploded ihould be as free as pofFible from common air,. 
the globe- was full filled with a mixture of dephlogi (Heated and* 
inflammable air, it was then exhaufted, and the air to be ex- 
ploded let in ; by which- means, though the globe was not per- 
fectly, exhauiled, very little common air could be left in it.. 
In the firfl let of experiments this, circumflance was not- 
attended to, and the purity of the dephlogiflicated; air was 
forgot to be examined in both fets. 

From what has been faid there feems the utmofl reafbn to; 
think,, that dephlogiflicated. air is only water deprived of its 
phlogiflon, and that inflammable air, as was before faid, is 
either phlogifticated water, or elfe pure phLogifton ;., but in all' 
probability the former.. 

As. Mr. Watt, in a paper lately read before this Society,, 
fuppofes water to confifl of dephlogiflicated air and phlogiflon. 
deprived of part of their latent heat, whereas I take no notice 
of the latter circumflance, it may be proper to mention in a 
few words the reafon of this apparent difference betwen us. If 
there be any fuch thing as elementary heat,, it mufl be allowed 
that what Mr. Watt fays is true; but by. the fame rule we 
ought to fay, that the diluted mineral acids confifl of the con- 
centrated acids united to water and deprived of part of their 
latent heat j that folutions of fal ammoniac, and mofl other 
other neutral falts, confifl of the fait united, to water and ele- 
mentary heat; and a fimilar language ought to be ufed in: 
fpeaking of almofl all chemical combinations, as- there are very 
few which are not attended with fome increafe or diminution 
of Jbeat.. Now I have chofen to ayoid this form of fpeaking, 

both. 
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loth becaufe I think it more likely that there is no fuch thing 
as elementary heat, and becaufe faying fo in this inftance, 
without ufing fimilar expreffions in (peaking of other chemical' 
unions, would be improper, and would lead to falfe ideas ; and 
it may even admit of doubt, whether the doing it in general 
would not caufe more trouble and perplexity than it is worth. 

There is the utmoft reafon to think, that dephlogiflicated and 
phlogifticatedair, as M. Lavoisier and Scheele fuppofe, are 
quite diftin-ft fubflances, and not differing only in. their degree of 
phlogiftication ;• and that common air is a mixture of the two; 
for if the dephlogiflicated air is pretty pure, almoft the whole 
of it lofes its elafticity by phlogiftication, and, as appears by 
the foregoing experiments, is turned into water, inflead of 
being converted into phlogifticated air. In moft of the fore- 
going experiments, atleaft A^ths of the whole was turned into 
water ; and by treating fome dephlogiflicated air with liver of 
fulphur, I have reduced it to lefs than T '- -th of its original bulk, 
and other perfbns, I believe,, have reduced it to a ftill lefs bulk; 
fo that there feems the utmoft reafon to fuppofe, that the fmall: 
refiduum which remains after its phlogiftication proceeds only 
from the impurities mixed with it. 

It was juftfaid, that fome dephlogiflicated air was reduced by 
liver of fulphur to T '- -th of its original bulk r the ftandard of 
this air was 4,8, and confequently the ftandard of perfectly 
pure deplilogifticated air fhould be very nearly 5, which is a: 
confirmation of the foregoing opinion ; for if the ftandard of 
pure dephlogiflicated air is 5, common' air muft, according to- 
this opinion, contain one-fifth of it, and therefore ought to lofe 
one-fifth of its bulk by phlogiftication, which, is what it is 
actually found to lofe.. 

From 
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From what has been faid, it follows, that inftead of faying 
air is phlogifticated or dephlogifticated by any means, it would 
be more ftri&ly juft to fay, it is deprived of, or receives, an 
addition of dephlogifticated air ; but as the other expreffion is 
convenient, and can fcarcely be confidered as improper, I mall 
ftill frequently make ufe of it in the remainder of this paper. 

There feemed great reafon to think, from Dr. Priestley's 
experiments, that both the nitrous and vitriolic acids were con- 
vertible into dephlogifticated air, as that air is procured in the 
greateft quantity from fubftances containing thofe acids, efpe- 
cially the former. The foregoing. experiments, however, feem 
to ihew that no part of the acid is converted into dephlogifti- 
cated air, and that their ufe in preparing it is owing only to 
the great power which they poflefs of depriving bodies of 
their phlogifton. A ftrong confirmation of this is, that red pre- 
cipitate, which is one of the fubftances yielding dephlogifti- 
cated air in the greateft quantity, and which is prepared by 
means of the nitrous acid, contains in reality no acid. This I 
found by grinding 400 grains of it with fpirits of fal ammo- 
niac, and keeping them together for fome days in a bottle, 
taking care to (hake them frequently. The red colour of the 
precipitate was rendered pale, but not entirely deftroyed ; being 
then warned with water and filtered, the clear liquor yielded 
on evaporation not the ieaft ammoniacal fafc. 

It is natural to think, that if any nitrous acid had been con- 
tained in the red precipitate, it Would ihave united to the vola- 
tile alkali and have formed ammoniacal nitre, and would have 
been perceived on evaporation ; but in order to determine more 
certainly whether .this would be the, cafe, I dried fome of the 
fame folution of quickfilver from which the red precipitate was 
prepared with ajefs heat, (o that it acquired only an orange 
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colour, and treated the fame quantity of it with volatile alkali 
in the fame manner as before. It immediately caufed an effer- 
vefcence, changed the colour to grey, and yielded 52 grains 
of ammoniacal nitre. There is the utmoft reafon to think, 
therefore, that red precipitate contains no nitrous acid; and 
con fequently that, in procuring dephlogifticated air from it, no 
acid is converted into air; and it 13 reafonable to conclude, 
therefore, that no fuch change is produced in procuring it from 
any other fub fiance. 

It remains to confider in what manner thefe acids act in 
producing dephlogifticated air. The way in which the nitrous 
acid a&s, in the production of it from red precipitate, feems to 
be as follows. On diftilling the mixture of quickfilver and 
fpirit of nkre, the acid comes over, loaded with phlogifton, in 
the form of nitrous vapour, and continues to» do fo till the re- 
maining matter acquires its full red colour, by which time all 
the nitrous acid is driven over, but fbme of the watery part ftill 
*emains behind, and adheres ftrongly to the quickfilver ; fo that 
the red precipitate may be confidered, either as quickfilver de- 
prived of part of its phlogifton, and united to a certain portion 
of water, or as quickfilver united to dephlogifticated air*; after 
which, on further increafing the beat, the water in it rifes 
deprived of its phlogifton , that is,, in the form of dephlogifticated 

* Unlefs we were much better acquainted than we are with the manner in 
which different fubftances are united together in compound bodies-, it would be" 
ridiculous to fay, that it is the quickfilver in the red precipitate which is deprived 
of its phlogifton, and not the water, or that it is the water andnot the quickfilver} 
all that we can fay is, that red precipitate confifts of quickfilver and water; one 
or both of which are deprived of part of their phlogifton. In like manner, during 
the preparation of the red precipitate, it is certain that the acid abforbi) phlo- 
gifton, either from the quickfilver or the water j but we are by no means authorhed 
to fay from which. 

air,. 
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air, and at the fame time the quickfilver diftils over in its me* 
tallic form. It is juftly remarked by Dr. Priestley, that the 
folution of quickfilver does not begin to yield dephlogifticated 
air till it acquires its red colour. 

Mercurius calcinatus appears to be only quickfilver which 
has abforbed dephlogifticated air from the atmofphere during 
its preparation ; accordingly, by giving it a fufficienf heat, the 
dephlogifticated air is driven oft", and the quickfilver acquires 
its original form. It feems therefore that mercurius calcinatus 
and red precipitate, though prepared in a different manner, are 
very nearly the fame thing. 

From what has been faid it follows, that red precipitate and 
mercurius calcinatus contain as much phlogifton as the quick- 
filver they are prepared from ; but yet, as uniting dephlogifti- 
cated air to a metal comes to the fame thing as depriving it of 
part of irs phlogifton and adding water to it, the quickfilver 
may ftill be confidered as deprived of its phlogifton ; but the 
imperfect metals feem not only to abf orb dephlogifticated air 
during their calcination, but alfo to be really deprived of part 
of their phlogifton, as they do not acquire their metallic form 
by driving off the dephlogifticated air. 

In procuring dephlogifticated air from nitre, the acid a&s hi 
a different manner, as, upon heating the nitre red-hot, the de- 
phlogifticated air rifes mixed with a little nitrous acid, and at the 
fame time the acid remaining in the nitre becomes very much 
phlogifticated ; -which fhews that the acid abforbs phlogifton 
from the water in the nitre, and becomes phlogifticated, while 
the water is thereby turned into dephlogifticated air. On dif- 
,'tilUng 3.155 grains of nitre in an unglazed earthen retort, it 
yielded 256000 grain meafures of dephlogifticated air*, the 

ftandard 

* This is, about eighty-one grain meafures from one grain of nitre ; and the 

weight 
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ftandard of different parts of which varied from 3 to 3,6$, but 
at a medium was 3,35. The matter remaining in the retort 
diflblved readily in water, and tailed alcaline and cauftic. On 
adding diluted fpirit of nitre to the folution, ftrong red fumes 
were produced ; a fign that the acid in it was very much phlo- 
gifticated, as no fumes whatever would have been produced on 
adding the fame acid to a folution of common nitre j that part 
of the folution alfo which was fuperfaturated with acid became 
blue ; a colour which the diluted nitrous acid is known to af« 
fume when much phlogifticated. The folution, when fatu- 
rated with this acid, loft its alcaline and cauftic tafte, but yet 
tafted very different from true nitre, feeming as if it had been 
mixed with fea-fait, and alio required much lefs water to dif- 
folve it ; but on expofing it for fome days to the air, and add- 
ing freih acid as faft as by the flying off of the fumes the al- 
cali predominated, it became true nitre, unmixed, as far as I 
could perceive, with any other fait *, 

It has been remarked, that the dephlogifticated air procured 
from nitre is lefs pure, than that from red precipitate and many 
other fubftances, which may perhaps proceed from unglazed 
earthen retorts having been commonly ufed for this purpofe, 
and which, conformably to Dr. Priestley's difcovery, may pof* 
iibly abforb fome common air from without, and emit it along 
with the dephlogifticated air ; but if it mould be found that the 
dephlogifticated air procured from nitre in glafs or glazed 
earthen veffels is alfo impure, it would feem to fliew that part 

weight of the dephlogifticated air, fuppofing it 800 times lighter than water, is pne 
tenth of that of the nitre. In all probability it would have yielded a much greater 
quantity of air, if a greater heat had been applied. 

* This phlogillication of the acid in nitre by heat has been obferved by Mr, 
Scheele 5 fee his experiments on air and fire, p. 45. Engliih tranflation. 
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of the acid in the nitre is turned into phlogifticated air, by ab« 

forbing phlogifton from the watery part. 

From what has been laid it appears, that there is a confider- 
able difference in the manner in which the acid a£ts in the pro- 
duction of dephlogifticated air from red precipitate and from 
nitre j in the former cafe the acid comes over firft, leaving the 
remaining fubftance deprived of part of its phlogifton ; in the 
latter the dephlogifticated air comes firft, leaving the acid loaded 
with the phlogifton of the water from which it was formed. 

On diftilling a mixture of quickfilver and oil of vitriol to 
drynefs, part of the acid comes over, loaded with phlogifton, 
in the form of volatile fulphureous acid and vitriolic acid air ; fo- 
that the remaining white mafs may be confidered as confifting 
of quickfilver deprived of its phlogifton, and united to a certain 
proportion of acid and water,, or of plain quickfilver united to 
a certain proportion of acid, and dephlogifticated air. Accord- 
ingly on urging this white mafs with a more violent heat, the 
dephlogifticated air epmes over, and at the fame time part of 
the quickfilver rifes in its metallic form, and alfo part of the- 
white mafs, united in all probability to a greater proportion of 
acid than before, fublimes; fo that the rationale of the pro- 
duction of dephlogifticated air from turbith mineral, and from; 
red precipitate,, are nearly fimilar. 

True turbith mineral confifts of. the abovementioned white 
mafs, well wafhed with water, by which means it acquires a 
yellow colour, and contains much lefs acid than the unwarned 
mafs. Accordingly it feems likely, that on expofing this to 
heat, lefs of it mould fublime without being decompounded, and 
confequently that more dephlogifticated air fhould be procured, 
from it than from the unwarned mafs. 

This 
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This is an .inftance, that the fuperabundant vitriolic acid may, 
In fome cafes, be better extracted from the bafe it is united to 
by water than by heat. Vitriolated tartar is another inftance ; 
for, if vitriolated tartar be mixed with oil of vitriol and expofed 
even to a pretty ftrong red heat, the mafs will be very acid ; 
but, if this mafs is diffolved in water, and evaporated, the cry- 
ftals will be not fenfibly fb. 

In all probability, the vitriolic acid acts in the fame manner in 
the produ&ion of dephlogifticated air from alum, as the nitrous 
does in its prod action from nitre ; that is, the watery part comes 
over firft in the form of dephlogifticated air, leaving the acid 
charged with its phlogifton. Whether this is alfo the cafe 
with regard to green and blue vitriol, or whether in them the 
acid does not rather act in the fame manner as in turbith mine- 
ral, I cannot pretend to fay, but I think the latter more 
likely. 

There is another way by which dephlogifticated air has been 
found to be produced in great quantities, namely, the growth 
of vegetables expofed to the fun or day-light; the rationale of 
which, in all probability, is, that plants, when aftifted by the 
light, deprive part of the water fucked up by their roots of its 
phlogifton, and turn it into dephlogifticated air, while the 
phlogifton unites to, and forms part of, the fubftance of the 
plant. 

There are many circumftances which fhew, that light has a 
remarkable power in enabling one body to abforb phlogifton 
from another. Mr. Senebier has obferved,, that the green 
tincture procured from the leaves of vegetables by fpiritof wine, 
quickly lofes its colour when expofed to the fun in a bottle not 
more than one third part full, but does not do fo in the dark. 
m if the bottle is quite full of the tincture, or if the air in it 

U 3, h 
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is phlogifticated ; whence it is natural to conclude, that the 
light enables the dephlogifticated part of the air to abforb 
phlogifton from the tincture ; and this appears to be really the 
cafe, as I find that the air in the bottle is coniiderably phlogif- 
ticated thereby. Dephlogifticated fpirit of nitre alfo acquires a 
yellow colour, and becomes phlogifticated, by expofure to the 
fun's rays * ; and I find on trial that the air in the bottle in 
which it is contained becomes dephlogifticated, or, in other 
words, receives an increafe of dephlogifticated air, which mews 
that the change in the acid is not owing to the fun's rays com- 
municating phlogifton to it, but to their enabling it to abforb 
phlogifton from the water contained in it, and thereby to pro- 
duce dephlogifticated air. Mr. Scheele alfo found, that the 
dark colour acquired by luna cornea on expofure to the light, 
is owing to part of the filver being revived ; and that gold, dif* 
folved in aqua regia and deprived by diftillation of the nitrous 
and fuperfluous marine acid, is revived by the fame means ; 
and there is the utmoft reafon to think, that, in both cafes, the 
revival of the metal is owing to its abforbing phlogifton from 
the water. 

Vegetables feem to confift almoft intirely of fixed and phlo- 
gifticated air, united to a large proportion of phlogifton and fome 
water, fince by burning in the open air, in which their phlogifton 
unites to the dephlogifticated part of the atmofphere and forms 

* If fpirit of nitre is (Milled with a very gentle heat, the part which comes 
over is high coloured and fuming, and that which remains behind is quite colour- 
lefs, and fumes much lefs than other nitrous acid of the fame ftrength, and the 
fumes are colourlefs. This is called dephlogifticated fpirit of nitre, as it appears 
to be really deprived of phlogifton by the procefs. The manner of preparing it, 
as well as its property of regaining its yellow colour by expofure to the light, is 
mentioned by Mr. Scheele in the Stockholm Memoirs, 1774. 

water.. 
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Water, they feem to be reduced almoft intirely to water and 
thofe two kinds of air. Now plants growing in water without 
earth, can receive nourifhment only from the water and air, 
and imufl therefore in all probability abforb their phlogiflon 
from the water. It is known alfo that plants growing in the 
dark do not thrive well, and grow in a very different manner 
from what they do when expofed to the light. 

From what has been faid, it feems likely that the ufe of light, 
in promoting the growth of plants and the production of 
dephlogiflicated air from them, is, that it enables them to 
abforb phlogiflon from the water. To this it may perhaps be 
objected, that though plants do not thrive well in the dark, yet 
they do grow, and mould therefore, according to this hypo- 
thecs, abforb water from the atmofphere, and yield dephlo- 
giflicated air, which they have not been found to do. But we 
have no proof that they grew at all in any of thofe cafes in 
which they were found not to yield dephlogiflicated air ; for 
though they will grow in the dark, yet their vegetative pow- 
ers may perhaps at firfl be intirely checked by it, efpecially 
confidering the unnatural fituation in which they mufl be 
placed in fuch experiments. Perhaps too plants growing in 
the dark may be able to abforb phlogifton from water not- 
much impregnated with dephlogiflicated air, but not from 
water flrongly impregnated with it ; and con frequently, when 
kept under water in the dark, may perhaps at firfl yield fbme 
dephlogiflicated air, which, inflead of rifing to the furface, 
may be abforbed by the water, and, before the water is fo 
much impregnated as to fu flier any to efcape, the plant may 
ceafe to vegetate, unlefs the water is changed. Unlefs there- 
fore it could be fhewn that plants growing in the dark, in 
water alone, will increafe in fize, without yielding dephlo- 
giflicated 
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gifticated air, and without the water becoming more impregnated 

with it than before, no objection can be drawn from thence. 

Mr. Senebier finds, that plants yield much more dephlogifti- 
cated air in diftilled water impregnated with fixed air, than in 
plain diftilled water, which is perfectly conformable to the 
abovementioned hypothefis ; for as fixed air is a principal con- 
stituent part of vegetable fubftances, it is reafonable to fuppofe 
that the work of vegetation will go on better in water con- 
taining this fubftance, than in other water. 

There are feveral memoirs of Mr. Lavoisier publifhed by 
the Academy of Sciences, in which he intirely difcards phlo- 
gifton, and explains thofe phaenomena which have been ufually 
attributed to the lofs or attraction of that fubftance, by the ab- 
sorption or expulfion of dephlogifticated air ; and as not only 
the foregoing experiments, but moft other phaenomena of na- 
ture, feem explicable as well, or nearly as well, upon this as 
upon the commonly believed principle of phlogifton, it may 
be proper briefly to mention in what manner I would explain 
them on this principle, and why I have adhered to the other. 
In doing this, I mall not conform ftridtly to his theory, but 
ihall make fuch additions and alterations as feem to fuit it beft 
to the phaenomena ; the more fo, as the foregoing experiments 
may, perhaps, induce tne author himfelf to think fome fuch 
additions proper. 

According to this hypothefis, we muff, fuppofe, that water 
■confifts of inflammable air united to dephlogifticated air ; that 
nitrous air, vitriolic acid air, and the phoiphoric acid, are alio 
combinations of phlogifticated air, fulphur, and phofphorus, 
with dephlogifticated air j and that the two former, by a fur- 
ther addition of the fame fubftance, are reduced to the common 

nitrous 
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jraitrrous and vitriolic acids ; that the metallic calces confift of 
the metals themfelves united to the fame fubftance, commonly, 
however, with a mixture of fixed air; that on expofing the 
calces of the perfect metals to a fuffieient heat, all the dephlo- 
gifticated air is driven off, and the calces are reftored to their 
metallic form ; but as the calces of the imperfecT: metals are 
vitrified by heat, inftead of recovering the metallic form, it 
fiiould feem as if all the dephlogifticated air could not be driven; 
off from them by heat alone. In like manner, according to 
this hypothefis, the rationale of the production of dephlogifti- 
cated air from red precipitate is, that during the folution of 
the quickfilver in the acid and the fubfequent calcination, the 
acid- is decompounded, and quits part of its dephlogifticated air 
to the quickfilver,. whereby it comes over in the form of nitrous 
air,, and leaves the quickfilver behind united to dephlogiftica- 
ted air, which, by a further increafe of heat, is driven off, 
while the quickfilver re-affumes its metallic form. In pro- 
curing dephlogifticated air from nitre, the acid is alio decom- 
pounded ; but with this difference, that it TufFers fomeof its de- 
phlogifticated air to efcape, while it remains united to the alkali: 
kfelf, in the form of phlogifticated nitrous acid. As to the 
production of dephlogifticated air from plants, it may be faid, 
that vegetable fubftances confift chiefly of various combina- 
tions of three different bafes, one of which, when united to< 
dephlogifticated air, forms water, another fixed air, and- the 
third phlogifticated ah" ; and that by means of vegetation each 
©f thefe fubftances are decompofed, and yield their dephlogifti- 
cated air ; and that in burning they again acquire dephlogifti^ 
eated air, and are reftored to their priftine form. 

Itfeems, therefore, from what has been faid, as if thephas* 
nomena of nature might be explained very well on this princi- 
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ciple, without the help of phlogifton ; and indeed, as adding 
dephlogifticated air to a body comes to the fame thing as de- 
priving it of its phlogifton and adding water to it, and as there 
are, perhaps, no bodies entirely deftitute of water, and as I 
know no way by which phlogifton can be transferred from one 
body to another, without leaving it uncertain whether water 
is not at the fame time transferred, it will be very difficult to 
' determine by experiment which of thefe opinions is the trueft ; 
but as the commonly received principle of phlogifton explains 
all phenomena, at leaft as well as Mr. Lavoisier's, I have 
adhered to that. There is one circumftance alfo, which though 
it may appear to many not to have much force, I own has fbme 
weight with me ; it is, that as plants feem to draw their nou- 
rifhment almoft intirely from water and fixed and phlogifticated 
air, and are reftored back to thofe fubftances by burning, it 
feems reafonable to conclude, that notwithftanding their infi- 
nite variety they confift almoft intirely of various combinations 
of water and fixed and phlogifticated air, united according to one 
of thefe opinions to phlogifton, and deprived according to the 
other of dephlogifticated air ; fo that, according to the latter 
opinion, the fubftance of a plant is lefs compounded than a 
mixture of thofe bodies into which it is refolved by burning;, 
and it is more reafonable to look for great variety in the more* 
compound than in the more fimple fubftance. 

Another thing which Mr. Lavoisier endeavours to prove is, 
that dephlogifticated air is the acidifying principle. From what 
has been explained it appears, that this is no more than faying, 
that acids lofe their acidity by uniting to phlogifton, which with 
regard to the nitrous, vitriolic, phofphoric, and arfenical acids 
is certainly true. The fame thing, I believe, may be faid of 
the acid of fugar; and Mr. Lavoisier's experiment is a 

ftrong 
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ftrong confirmation of Bergman's opinion, that none of the 
fpirit of nitre enters into the composition of the acid, but that 
it only ferves to deprive the fugar of part of its phlogifton. 
But as to the marine acid and acid of tartar, it does not appear 
that they are capable of lofing their acidity by any union with 
phlegifton. It is to be remarked alfo, that the acids of fugar 
and tartar, and in all probability almoft all the vegetable and 
animal acids, are by burning reduced to fixed and phlogifticated 
air, and water, and therefore contain more phlogifton, or lefs 
dephlogifticated air, than thofe three fubftances. 
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